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The constitution, structure and properties of these polymeric systems were investigated using a variety of principal and supplementary methods, which provided mutually complementary data. The single-component polymeric materials were regarded as complex systems (S), consisting of several weakly interacting subsystems (P). When these systems are probed by the action of external force fields, responses are obtained from various subsystems, comprising collections of kinetic units of one type.
The physical quantities characterising the properties of the polymers under investigation were calculated on the basis of experimental data using the familiar formulae of polymer physics. It was established, on the basis of measurements performed in conditions with various force fields acting upon the polymers, that the physical quantities characterising them have substantial differences over wide ranges of temperature and frequency. For a scientifically-based interpretation of the experimental data obtained, we employed methods of calculating the activation energy and the degree of structural inhomogeneity of the polymeric systems in question, using double correlation diagrams and Debye relaxation spectrograms.
The single-component polymers investigated were amorphous (PS, PMMA) and crystalline (PE, PP) systems, whereas the multicomponent systems comprised composite materials (mixtures) and block copolymers, also consisting of amorphous and crystalline components, used in various proportions. Their most important feature is the presence of boundary layers, separating molecularly incompatible components with significantly different physical characteristics and having different quantities of linear defects in the form of microcracks.
For these polymeric systems we employed modern physical methods, making it possible to investigate their constitution at the molecular (IR spectroscopy) and supramolecular (X-ray) levels, as well as various physical properties (mechanical, electrical, magnetic, optical and thermophysical) of the polymeric materials. The principal methods used were those of relaxation spectrometry, which enabled us to record the macroscopic manifestation of a change in molecular mobility of the polymeric systems being investigated. The data obtained by these methods provided the basis for calculating various physical quantities. A conclusion about the nature of the relationship between constitution, structure and physical properties of the polymeric systems was based on the variation of these quantities in various force fields in wide temperature ranges and frequency bands, and with different types of modification of the samples.
Our investigations of the molecular mobility of different categories of polymeric systems showed that processes of local and segmental mobility appear over a wide range of temperatures and frequencies in all cases. Their representation in double correlation diagrams log τ m -I/T, K and log τ H -T, °C, showed that they are characterised by rectilinear and curvilinear sections, respectively. The first are characterised by constant values of activation energy (U = const.), whereas for the segmental process U ≠ const., i.e. it depends on the temperature T, on the frequency ν, and on the intensity of the force field. The boundaries of the physical states of the polymers can be determined from the experimental relations obtained. The double correlation diagrams make it possible to describe T/74 the experimental data obtained not only by dynamic methods, but also by static methods (radiothermoluminescence, dilatometry) of relaxation spectrometry, enabling us to determine the effective values of the most probable relaxation time τ H and frequency ν m both for local and for segmental relaxation processes.
Modified polymeric systems of various categories, obtained by heat treatment in quenching and annealing conditions, obey the fundamental "fork" rule, according to which the structure and properties of the starting samples occupy an intermediate position relative to the quenched and annealed materials. This rule leads to the important consequence that all the starting polymers have molecular ordering in the form of supramolecular formations. Physical modification was effected by heat treatment in conditions of quenching and annealing with continuous and stepped methods of heating and cooling. Modification of polymeric materials in this way does not alter their chemical composition and molecular constitution, but only affects their supramolecular structures. As a result of heating samples in a thermal chamber for a time t h at a temperature T h > T g and T h = T m (for partially crystalline polymers) their existing supramolecular organisation breaks down, and subsequent molecular ordering after quenching and annealing will be determined by the display of "structure memory" and by the cooling conditions.
The molecular constitution of the starting and modified polymeric systems was investigated by infrared spectroscopy. From the spectra obtained it was possible to assess the presence of characteristic bands of crystallinity in the polymers, as well as the degree of development of oxidative processes during heat treatment of the samples, based on the appearance of bands relating to the carbonyl groups C=O. During investigation of the structure of the samples it was established that in non-crystalline polymers, in the initial state and after modification, only an amorphous halo appears, whereas in partially crystalline systems there are distinct reflections, having peaks or maxima in X-ray patterns.
Investigation of the processes of molecular mobility of single-component polymeric systems, undertaken using various techniques of relaxation spectrometry, showed that multiple relaxation transitions occur in them over a wide temperature range. For their classification and analysis we employed the graphical method proposed by Hedwig. The data obtained provided evidence of changes in intensity of intermolecular interaction, size of the kinetic units, degree of structural inhomogeneity (the mobility conditions of kinetic units of the same type in different parts of the volume of the polymers) and the number of relaxation generators involved in a given process. These features of the outward manifestation of the processes of molecular relaxation result from differences between the internal characteristics of the polymeric systems.
Polymeric chemical fibres have their advantages and disadvantages compared with various kinds of natural fibres and hence have their particular fields of application. In many fields (for example in engineering) chemical fibres, especially synthetic ones, have a number of significant advantages over natural fibres. High-strength chemical fibres are used for the manufacture of cord fabric. Hydrophobic fibres are widely used for making high-quality electrical insulation materials. Synthetic fibres are also widely employed for making fabrics that are resistant to dilute and concentrated acids and alkalis, and to high temperatures. Artificial and synthetic fibres are now not only valuable materials for the manufacture of high-quality textiles, but they are also of primary importance for many branches of the national economy.
In connection with the considerable expansion of the fields of application of chemical fibres, comprehensive investigation of the polymers from which they are formed is now extremely urgent. It is important to study the relationships between their chemical composition, molecular constitution, supramolecular structures, physical properties and control of these properties during processing. Research conducted in recent decades has shown that chemical, physicochemical and physical action upon fibre-forming polymers can alter the properties of the finished product considerably. These routes for modification offer great prospects for the development of new, scientifically-based technologies for the production and processing of polymeric materials.
The development of science and technology, and rising consumer demands, require not only expansion of the range of polymers offered, but also improvement of their quality, and increase in service life. Accordingly, it is now necessary to establish the connection between the composition, constitution, structure and properties of polymers, i.e. their diagnostics, and investigate how the properties of the materials are affected by various external factors, and to predict changes in the utility properties of fibre-forming polymers. Bearing in mind that real polymer materials contain a variety of ingredients (plasticisers, fillers etc.) and are structurally heterogeneous, multicomponent systems, their investigation is particularly important, since structure formation and various physical properties of polymeric systems are greatly influenced by the relaxation processes that occur within them (Ref. 1).
GENERAL CHARACTERISATION AND FEATURES OF THE MATERIALS INVESTIGATED
Fibre-forming materials include natural and synthetic polymers that are suitable for the production of chemical fibres. Fibre-forming polymers for fibre production must melt without decomposition or must dissolve in readily available solvents, forming sufficiently viscous concentrated solutions. The macromolecules of the fibre-forming polymers must be linear or slightly branched. Fibreforming polymers must have a narrow molecular weight distribution. The macromolecules must have sufficiently high flexibility. Fibre-forming polymers must possess a regular, and in some cases stereoregular, structure. The presence of polar and reactive groups in the macromolecules of these polymers is desirable.
The supramolecular structure of polymers is the physical structure that is determined by various kinds of ordering in the mutual arrangement of the macromolecules. The maximum degree of ordering corresponds to crystalline order, and the minimum corresponds to amorphous disorder. The formation of supramolecular structures in a polymer is largely determined by the flexibility of its macromolecules. As the flexibility of the macromolecules increases, their crystallisation during fibre production is facilitated. The supramolecular structure of fibre-forming polymers is very complex. The elements of the supramolecular structure include globules (macromolecules of spherical shape) and bundles (linear aggregates of macromolecular chains). The globules have a mainly amorphous structure, whereas bundles are crystalline and amorphous. Bundles form fibrils. Spherulites, single crystals, and macrofibrils form from the fibrils on crystallisation. Fibre-forming polymers are characterised by a bundle/fibril supramolecular structure (Ref. 2).
Industrial fibres have an oriented crystalline structure. The commonest type of structure (texture) is the axial structure. In this case identical axes of all the crystallites are directed parallel to a straight line, called the texture axis, and the other two axes are arranged arbitrarily. In the majority of fibres the texture axis coincides with the axis of the macromolecule. The axes of all the macromolecules are then parallel to one another, and rotations of the crystallites about the texture axis are random. In real conditions it is not possible to ensure that the axes of all the macromolecules are strictly parallel. There is also some scatter in the orientation of the macromolecules and the crystallites. Therefore the texture axis gives an average direction, and the direction of the axes of the macromolecules relative to this average direction is subject to a varying degree of dispersion. All natural and chemical fibres possess an axial crystalline texture. The commonest form of supramolecular formation in fibres is the fibril. Usually this is a long thread, with the axes of the macromolecules directed along its axis. The length of the fibril is much greater than its diameter, and is tens or hundreds of ångströms. The fibril is believed to have a complex structure, within which crystalline and amorphous regions alternate (along the axis of the fibril). The causes of fibril formation have not been fully elucidated. Their form and the conditions of production (primarily moulding and stretching) have a considerable influence on fibre structure.
The properties of fibres depend mainly on their chemical composition, constitution and supramolecular structure. Molecular weight and intermolecular interaction have a considerable influence on fibre properties. Fibres must have a molecular weight in the range 15000-80000. Fibres with molecular weight below 15000 do not possess sufficient strength. As the molecular weight increases, the fibres become stronger, because intermolecular interaction increases. If there is weak intermolecular interaction, as well as lower fibre strength there is an increase in undesirable plastic strains. The molecular weight distribution also has an influence on fibre properties. As the polydispersity of the polymer increases, the number of short molecules in the polymer also increases, leading to a decrease in intermolecular interaction because there are hindrances to orientation of the macromolecules in the fibre. The fibre is of poorer quality, with decreased strength, resilience, elasticity, and initial elastic modulus. Optimum properties for the majority of fibres are achieved at high (but not 100%) crystallinity of their structure. The presence of amorphous regions in fibres has a beneficial effect on resilience, elasticity, endurance in repeated stretching and bending, abrasion resistance and other valuable properties of fibres. The crystalline phase provides resistance to external action and in many cases determines the stability of form of the fibres. As the flexibility of the macromolecules increases, their thermal vibrations are facilitated, and the temperatures of softening, fusion or decomposition of the fibres are lower. For practical considerations (service conditions) fibres should not soften at temperatures below 100°C (boiling water), and in many cases not below 150-160°C (ironing temperature = 140°C) (Ref. 3) . If the macromolecules have little flexibility, the fibres may be rigid. Thus, the macromolecules should have optimum flexibility. It is desirable for polar and reactive groups to be present in the macromolecules. The presence of hydroxyl groups (OH, COOH), NH 2 and others give fibres the ability to absorb water and water vapour, which is of great importance when they are used for making everyday articles, especially clothing. However, the presence of hydroxyl groups means that the fibres have low strength when wet, and they can shrink under load. The presence of Cl and F atoms, as well as CNgroups, in the molecules in the absence of hydroxyl groups ensures production of hydrophobic, and in many cases chemically-resistant, fibres. Hydrophobic fibres possess good dielectric properties and become strongly electrified, making them difficult to use in the production of consumer goods. The presence of CN-groups in the macromolecules endows fibres with resistance to solar radiation, as well as good dimensional stability owing to the formation of strong intermolecular linkages. Chemically resistant fibres are produced from carbon-chain polymers with pronounced hydrophobicity, not containing oxygen atoms in the macromolecule. The presence of heteropolar bonds (e.g. C-O) in the principal macromolecular chain lowers the fibres' resistance to acids, alkalis, water or oxygen, especially at high temperatures.
Thus, structure has a tremendous influence on fibre properties. This has served as a basis for the development and industrial realisation of various methods and techniques of physical (structural) modification of chemical fibres -purposeful alteration of their composition, constitution and supramolecular structure, which have an influence on their properties, as well as technology for production and processing.
Physical modification of fibres, carried out at the stage of preparation of the initial polymers, during forming of fibres, their finishing and textile treatments, has permitted considerable improvements in the geometric and chemical properties and wear resistance of fibres, as well as in the range, properties, quality and efficiency of production of materials and articles based on them.
SELECTION AND PROOF OF THE EFFECTIVENESS OF THE MODIFICATION TECHNIQUES
The main direction of technical progress in today's chemical fibres industry is not the development of new types of fibre-forming polymers, intended for the production of high-tonnage chemical fibres, but modification of known polymers that are produced on an industrial scale. Modification of these polymers gives them new, predetermined properties, thereby improving their quality and expanding their fields of application. Various methods, to be carried out by a variety of means and at different stages of the production process, have been proposed for modifying the principal types of polymer materials. The number of methods is very large, and the advisability of using them for creating polymer materials possessing specific, predetermined properties requires critical analysis and examination. Essential information about these methods, the conditions for application and the results that can be achieved in practice are presented below.
All the methods proposed for modifying the properties of fibre-forming and film-forming polymers or articles made from them can be divided into three groups: chemical modification -the composition of the polymer is altered; physicochemical modification -there is a change in their molecular constitution; and physical modification -the composition and molecular constitution of the polymers remain unchanged, and only their supramolecular structure is altered.
EFFECT OF CHEMICAL MODIFICATION ON THE STRUCTURE AND PROPERTIES OF THE POLYMERS INVESTIGATED
The following methods have become the most important in chemical modification: synthesis of fibre-forming copolymers, synthesis of graft copolymers, formation of chemical crosslinks between the macromolecules or elements of the polymer's supramolecular structure, and chemical transformations of the polymer. Selection of a particular method is based on the intended use of the polymer material, its nature and, to a considerable degree, the technological and economic indices of the modification process.
In the case of modification by altering the chemical composition of the starting polymer, because the regularity of the constitution of the macromolecule of the linear fibreforming copolymer is disturbed during random copolymerisation, and new reactive groups are introduced into the macromolecule, the properties of the polymer are altered considerably: there is an increase in solubility, dyeability, hygroscopicity and elasticity (Ref. 4) . Copolymers with different proportions of the components are obtained, depending on the aims that must be achieved as a result of synthesis.
The method of synthesis of graft copolymers is the most universal and can be employed for purposeful alteration of properties. Grafting can basically be carried out using all the known methods of synthesis of polymerspolycondensation, stepwise and chain polymerisation (ionic and radical polymerisation). Application of the method of graft copolymerisation for modifying the properties of fibre-forming polymers is most realistic when the method of radical polymerisation is used. Radical formation in the macromolecule of the starting polymer (macroradical), providing the starting point for growth of the grafted chain, can be accomplished by various methods that are employed in reactions of radical polymerisation.
Grafting of a monomer can be carried out at various stages of the production process: to the starting polymer, to the formed fibre or to finished articles.
The method of chemical crosslinking is employed for modifying finished fibre, because after treatment the polymer loses its solubility and fusibility, and it thus becomes impossible to process it into fibre by the usual methods. The main difficulty in elaborating a method of modifying fibres and films by crosslinking is determination of the optimum number of chemical bonds between the macromolecules, on introduction of which the material acquires the required properties without a simultaneous deterioration of other important properties (resistance to repeated strains, elasticity and especially tear resistance). The optimum number of crosslinks will be different for each polymer, depending on its constitution and the flexibility of the macromolecules, and has to be established in preliminary experimental investigations.
The method of chemical transformation of polymers is based on the presence of reactive groups in the majority of fibre-forming polymers, making chemical transformations of the polymers possible, and accordingly endowing them with the required properties (Ref. 5) . As a rule these transformations are accomplished on the finished fibre.
When investigating the structure obtained during modification by copolymerisation of diethyleneglycolmaleatephthalates with a tertiary amine, which is included in the composition of the polyester with styrene (PNA) or triethyleneglycol-dimethacrylate (PNSA), it can be concluded from polarimetry data that the samples obtained possess a helical structure. Microscopic examination of the repeating structures in the samples (both polyesters and acrylates) reveals that the repeating structures are formed not as continuous lines, but as individual droplike protuberances. With regard to the mechanical properties, it was assumed that the temperature dependence of the microtime coincides with the macrotime, i.e. the experimentally determined relaxation time. The probability of encountering kinetic units N i will be Q i = N i /N, accomplishment of the transition to which requires overcoming a potential barrier U i = U min . The probability that the transition will occur among these i units will be P i = Q i W i . In experimental studies, a transition can be accomplished among any N i . Therefore it is necessary to know the probability W i , i.e. the absolute probability. This will be
(1)
The reciprocal of W i will be the relaxation macrotime. As follows from analysis of this last relation, generally the temperature dependence of the relaxation microtime will not coincide with the macrotime, which will vary with temperature less rapidly than the microtime.
EFFECT OF PHYSICOCHEMICAL MODIFICATION ON THE STRUCTURE AND PROPERTIES OF THE POLYMERS
One of the methods of physicochemical modification of polymers is the introduction of additives (plasticisers) into the spinning solution or into the polymer melt. Small additions of low-molecular reagents, possessing specific properties, endow the fibre with some of the required properties. Using this principle, the resistance of the articles produced to degradation (thermal, thermaloxidative and photochemical) can be increased considerably, thereby lessening the decrease in strength of the articles during use, and increasing their service life. In most cases the role of these additives is basically inhibition of breakdown of the macromolecules by a radical chain mechanism and increase of the induction period for initiation of this reaction. Addition of antioxidants, possessing the ability to react faster with oxygen, slows down the process of degradation of the macromolecules. The better that the functional groups of the polymer macromolecules, forming the fibre, provide inhibition of the process of oxidative or thermal-oxidative degradation of the polymer, the more successful is the solution of the important problem of increasing efficiency in use and extending the service life of the articles obtained.
A large number of works have dealt with selection of the optimum light and heat stabilisers for different polymers (including fibre-forming polymers), and investigation of the mechanism of their action (in particular, establishment of the existence of a synergistic effect when mixtures are used, rather than the individual substances). This principle for improving the service properties of polymers is employed most widely in the production of polyamides and polyolefins.
Active fillers that are incorporated in the composition of fibre-forming polymers participate in formation of the structure, altering the whole range of physical properties of the starting polymers. The brittle point, the glass transition temperature and the flow temperature are lowered, leading to an expansion of the temperature range of the highly elastic state, and frost resistance is increased; the polymers become much easier to process. However, it is not always possible to give a scientificallybased prediction of the behaviour of the plasticised polymeric material in the service conditions.
We investigated the effect of various plasticisers from the design standpoint, according to which a real polymer material is regarded as a complex system, consisting of several subsystems weakly joined together (Ref. 6 ). Each of the subsystems is comprised of a set of kinetic units (relaxation generators) of roughly the same size (mass) and can be described by a certain relaxation time interval. This is equivalent to the presence of structural inhomogeneity in the polymer, manifested in smearing of the maxima of the dielectric and mechanical losses. Therefore as a structure-sensitive method we chose one of the methods of relaxation spectrometry -relaxation of dipole polarisation.
In addition to the initial relations for the frequency dependence of the permittivity ε', the dielectric loss factor ε" and the tangent of the dielectric loss angle tanδ, we constructed and analysed Debye relaxation spectrograms. These are bell-shaped curves, describing the relations of the standardised quantities ν and tanδ:
where tand, tanδ max , ν, ν max are the instantaneous and maximum values of the tangent of the dielectric loss angle and the corresponding values of the frequency of the applied electric field. The degree of structural inhomogeneity can be estimated by the half-width ∆ of this bell-shaped relation (∆ is the width of the Debye spectrogram at half its height) (Ref. 7). Increase in ∆, i.e. smearing of the maximum in comparison with the curve for a system with relaxation generators of one type (the Debye model), enables us to make a judgement about the change in the degree of structural inhomogeneity and the parameters of the relaxation processes, which largely determine the various physical properties of polymers.
The materials chosen for investigation were polyvinyl chloride (PVC) and polymethylacrylate (PMA). Both polymers were of fairly high molecular weight (~1·10 6 ). Tricresylphosphate (TCP) and dibutylphthalate (DBP), with boiling points of 275 and 340°C respectively, were used for plasticisation. These high-boiling, low-volatility liquids are the commonest industrial plasticisers for PVC and PMA. Thus, three plasticised polymer systems were investigated: . From the standpoint of a model of a multilevel polymer system, introduction of plasticiser molecules between the macromolecules of the polymer exerts a screening effect on the polar groups and leads to a decrease in intensity of dipole-segment interaction and a proportional decrease in T m . The relations for tanδ max as a function of plasticiser concentration, characterising the effective size of the particles participating in processes of dipole polarisation of the cooperative type, prove to be more complex. A common feature of the plasticised systems investigated is an increase in structural inhomogeneity, characterised by the half-width ∆ of the Debye spectrograms, with increasing plasticiser content. For all three plasticised polymer systems we observe a broadening of the maximum of the dipolesegment losses, although its height varies in different ways. This indicates an increase in the number of kinetic units responsible for this process of molecular relaxation. As it penetrates deeper into the polymer, the plasticiser separates the molecular chains, weakening the intermolecular interaction, and promoting disruption of the electrostatic bonds that form between the polar groups.
Screening of polar groups is most pronounced in the strongly polar polyvinyl chloride (Ref. 10) .
Having established the law of variation of the degree of structural inhomogeneity ∆ as a function of the modifying parameter (the content of plasticiser) at its values obtained experimentally, we can predict the degree of structural inhomogeneity and the physical properties of plasticised systems outside of the "experimental" range.
In some cases intentional alteration of the properties of fibres and films by including small quantities of reagents in their composition is the most expedient and even the only possible way of obtaining polymer materials with the required properties.
EFFECT OF PHYSICAL MODIFICATION ON THE STRUCTURE AND PROPERTIES OF FIBRE-FORMING AND FILM-FORMING POLYMERS
Physical modification of polymers is now finding increasing application, in addition to their chemical and physicochemical modification. Physical modification of polymeric materials, without altering their chemical composition and molecular constitution, only affects their supramolecular structures.
One form of physical modification of polymers that only alters their supramolecular structure is heat treatment (quenching, annealing, tempering). Heat treatment can improve the quality of articles made of polymers, lower the residual stresses, increase structural homogeneity and give them dimensional stability (Ref. 11). The following have the greatest influence on alteration of the structure and properties of polymers: the rate of temperature increase w + , the heating temperature and time (T h and t h respectively), and the cooling rate w -. Most often heat treatment of specimens is carried out at T h that is (5-7)K below the maximum heat resistance or thermal stability of the polymers. The rate of heating can be higher when the thermal conductivity of the material and of the heatcarrying medium is higher. The heating time increases with increase in molecular weight of the polymers and depends on the thickness of the material (up to 10 min per 1 mm of thickness). The choice of cooling rate is determined by the requirements relating to the structure and properties of the polymeric material.
Quenching is carried out in a heat-transfer agent in conditions with rapid cooling (0.8-1.6 degrees/s). It lowers the polymer's crystallinity and hardness, but increases its deformability. Annealing is carried out in the heat-transfer agent with slow cooling (w -< 0.8 degree/s). It increases the crystallinity, strength and hardness of the specimens, which is associated with an increase in polymer density. Normalising (tempering) is carried out with slow cooling in air. It promotes a decrease in residual stresses and is widely used for amorphous polymers.
Processes of modification of polymers (heat treatment is not an exception) are closely related to the molecular mobility of the relaxation generators of the polymer system. All the physical characteristics and parameters of a modified polymer are in fact determined by the thermal motion of various kinetic units. The physical properties taken as a basis for judging the results of polymer modification are evaluated by one of the methods of relaxation spectrometry (Refs. 12-16). The effect of heat treatment was investigated by the method of electrical fluctuations, which makes it possible to determine the fine structure of the processes of molecular mobility in a temperature field. For each relaxation transition, the mean square of the voltage of the electrical fluctuations, at the terminals of a primary measuring transducer of the capacitive type with the polymer under analysis as the dielectric, can be represented by a relation of the form
where S u (0) i is the spectral density of the electrical fluctuations, reflecting the background of internal friction of the polymer system before the i-th relaxation process. The time of the start of the i-th transition with the specimen temperature increasing at a rate w + is taken as t = 0; τ r is the relaxation time. It was assumed that the relaxation processes are completed at T h . Then U 2 will be determined, on the one hand, by S u n -the spectral density of the electrical fluctuations associated with rearrangement of the structure, and on the other hand by S u f -the spectral density reflecting the background of internal friction, attained when the temperature rises to T h . During cooling of the polymer, the magnitude of the voltage of the electrical fluctuations will vary in proportion to the number of kinetic units participating in thermal motion and the intensity of the intermolecular interactions, which affects the variation in permittivity.
For investigating the effect of heat treatment on the properties of polymers, two forms of physical modification were selected: quenching and annealing. The studies were carried out for films of noncrystalline PMMA and PVC, and plastically crystalline HDPE, LDPE and PA.
The results from comparison of fluctograms for PMMA are given, as an example, in Table 1 .
The
The voltage level of the electrical fluctuations at the initial temperature is lower for the starting specimen. This shows that the intensity of thermal motion is greater in the quenched specimen (in the equilibrium state the voltage of the electrical fluctuations is mainly determined by the dielectric losses).
The minimum signal level is observed for the quenched specimen, which is connected with the high values of permittivity in the quasi-equilibrium (highly elastic) state. The indices n 3 and n 4 are the levels of the fluctuation voltage at the start of unfreezing of segmental mobility of the main chain of PMMA. The overall level of n 4 is lower for quenched PMMA, and the relative level n 3 = n 4 -(n 1 -n 2 )-for the starting material. The indices n 5 , n 6 and n 7 characterise the difference between the starting and quenched specimens of PMMA. The magnitude of the maximum of the fluctuation voltage n 8 , as well as its location, indicate that the region of α-relaxation and correspondingly the temperature ranges of manifestation of local relaxation transitions are shifted toward lower temperatures. For PMMA the shift on the temperature scale is 15 K.
It is interesting to compare the areas bounded on the one hand by the curve U(t, T), and on the other hand, firstly, by the minimum signal level U(t, T) min (area S 1 ) and, secondly, by the abscissa (area S 2 ). The first is connected with the number of unfrozen kinetic units, which are no larger than a segment of the main chain, and the second characterises the total number of relaxation generators and is a measure of the intensity of intermolecular interactions in the polymer system.
Specimens obtained in the preceding tests were used for studying the effect of annealing of PMMA. The rate of heating to T h = 453 K was w + = 0.074 deg/s, and the cooling rate was w -= 0.0003 deg/s. The PMMA specimens were heated in air, and then cooled to 293 K. The change in properties of the PMMA was compared using the same indices as in the analysis of the effect of quenching. The results are given in Table 2 .
For all the PMMA specimens investigated, in the temperature range where β-relaxation occurs we observed an anomalous variation of the voltage of the electrical fluctuations. fluctuations, which appear as sharp peaks on the fluctograms U(t, T), decreases as the annealing time increases. Since annealing leads to ordering of the supramolecular structures in the polymer system, it can be concluded that the peaks observed on the fluctograms of PMMA indicate that the polymer structure is of a nonequilibrium type. Investigations of the β-relaxation process confirm these conclusions.
On the basis of current concepts regarding the connection between the oriented state of polymers and their specific anisotropic structure, which depends both on the conformation of chain macromolecules and on the forms of supramolecular organisation, we examined the results obtained in an investigation of the effect of stretching various types of polymers on variation of their physical properties. The variations of the strain-strength properties and short-term thermal stability of some noncrystalline and partially crystalline polymers were investigated for cases of uniaxial, biaxial and radial extension of film specimens. It was established that relaxation processes taking place in the test polymers during orientation in conditions with different force effects and temperatures have an important role. By altering the rate of extension and the temperature of the specimens, it was possible to separate the polymer stretching processes into stages of orientation of individual parts of the macromolecules, chains as a whole and elements of the supramolecular structures. It was established that the processes of orientation of the test polymers have both general and specific features (the latter are connected with differences in stability of the supramolecular structures and therefore are most characteristic of partially crystalline polymers). Furthermore, the greater effectiveness of uniaxial extension for producing the strongest materials is due to the larger intramolecular chemical (covalent) interactions, than intermolecular physical interactions, but each of these interactions has an effect on the existence of inhomogeneity in the distribution of internal mechanical stresses. Results were obtained from quantitative evaluation of short-term tensile strength of polymers based on the energy theory of limiting states from the value of three-dimensional stress. On the other hand, the intensity of intermolecular interactions has a significant influence on the thermal stability both of amorphous and of crystalline polymers, which is confirmed by comparing the values of the temperatures of the start of thermal decomposition of initial and quenched specimens of amorphous and crystalline polymers. The investigations showed that by annealing specimens in cascade (stepwise) conditions it is possible to raise the temperature of the start of decomposition of various polymers by 10-25 degrees.
The influence of modification of polymer films by orientation stretching on alteration of their properties was studied for uniaxially and biaxially stretched specimens, as well as with radial deformation. In the first case the specimens were of rectangular shape (120 mm long and 10 mm wide), and in the second case they were square (50 x 50 mm). Both types of stretching were mainly carried out at room temperature (in the glassy state), taking into account results (Refs. 17, 18) showing that stretching of polymer films is most effective at T < T g , as maximum orientation of the molecular chains is then achieved. Some experiments were carried out on films that were stretched at elevated temperatures equal to T g + 50°. For uniaxial orientation of films, specimens in the form of strips were secured in clamps on both sides (the length of the clamped sections was 20 mm on both sides). To exclude the influence of irregularity of distribution of internal stresses (edge effects) the initial working length of the films (l work ) is taken as 60 cm. The degree of stretching (the orientation factor) λ = l/l 0 was varied from 1.5 to 5. For biaxial orientation the specimens were secured at the perimeter (the clamped sections of the films were 10 mm on each of all the four sides), the free part of the film was marked with a grid and an initial working area S 0 was marked off in its centre. Once again, this was done to exclude the effect of irregularity in the distribution of internal stresses in the clamped, free and intermediate (bordering on the clamped) parts of the film. The degree of extension of the films λ = S/S 0 varied from 1.5x1.5 to 5x5.
As it is known that orientation of molecular chains and the associated structural ordering not only alter the macroscopic (primarily the strain and strength) properties of the polymers, but also have a significant influence on the nature of the relaxation processes that occur in them (Ref. 19 ), we investigated the variation of dielectric losses over a wide range of temperatures and frequencies in specimens with uniaxial and biaxial orientation, in comparison with the starting films.
Over a wide range of temperatures at fixed frequencies or over a wide range of frequencies at a given temperature, both the local and the segmental form of molecular mobility appear in polymer films (Ref. 20) .
For uniaxially oriented specimens of PVC film, with different degrees of stretching, the temperature dependence of tanδ diel at frequency of 1 kHz has maxima corresponding to local processes (at temperatures of 20- e  m  i  t  g  n  i  t  a  e  h   1  2  3  1  2  3   1  9  0  1  8  0  1  7  0  1  5  9  3  4  3  9  2   2  8  2  9  1  7  1  6  1  3  8  3  2  3   3  5  2  3  2  2  2  7 50°C) and segmental processes (near 115-145°C). Both the local and the segmental maxima of the oriented films, in comparison with the starting film, are shifted towards higher temperatures. This shows that orientation of the macromolecules of the films hampers the mobility both of the segments and of the groups of atoms, and an increase in degree of uniaxial stretching makes this effect more marked. A different picture is obtained in biaxial orientation of PVC polymer film. The local maxima for the starting film and the biaxially oriented films (with different degree of stretching) practically merge, indicating absence of a change in the conditions of mobility of atomic groups in these stretching conditions. On the other hand, to achieve mobility of larger fragments of the chains (segments), biaxial stretching creates greater difficulties than uniaxial stretching, which may be related to a decrease in effective free volume in the noncrystalline polymer film. Investigation of the influence of the type and degree of stretching of structurally inhomogeneous, partially crystalline polymer films was based on the results of analysis of the frequency relations tanδ diel , recorded at room temperature. On the basis of the segmental maxima of tanδ diel obtained in a restricted frequency range for initial films of PETP and films oriented by uniaxial and biaxial stretching, relations were constructed for the standardised dielectric loss factors (tanδ/tanδ m ) as a function of the standardised frequency (ν/ν m ) in semilogarithmic coordinates. It is known that the halfwidth of the bell-shaped curves in coordinates (tanδ/ tanδ m -log ν/ν m ) characterises the degree of structural inhomogeneity of polymer films.
In uniaxial extension of a partially crystalline PTFE film with a stretching factor of λ = 3, its degree of structural inhomogeneity increases in comparison with an unoriented film. This is manifested in a larger change in the conditions of motion of the segments in different regions of the volume of the polymer film. An increase in the uniaxial stretching factor (λ = 5) leads to a further increase in the degree of structural inhomogeneity of PTFE film.
In biaxial extension of PTFE films, their structural inhomogeneity is even more marked, and this trend is intensified as the stretching factor is increased. Our studies showed that with both uniaxial and biaxial stretching of polymer films, their mechanical strength increases by 15-20% (for noncrystalline specimens) and by 25-30% (for partially crystalline specimens). It should be noted that for noncrystalline films the change in properties is greatest in the case of uniaxial orientation, whereas for partially crystalline films this occurs with biaxial orientation, which may be connected with the particular features of their supramolecular structure.
It should be pointed out that when stretching is increased, there is increase not only of the strength, but also of the thermal stability of the films.
DIAGNOSTICS OF THE PROPERTIES OF FIBRE-FORMING AND FILM-FORMING POLYMERS
Diagnostics is the investigation of the interrelationship of the composition, constitution, structural characteristics and properties of substances and materials.
Modern industry needs radical improvement of the instrument base and the development of fundamentally new methods of measurement. These methods must be based on investigation of the physical and physicochemical properties of substances and materials. Among the multitude of such properties, special consideration might be given to the dielectric characteristics ε' and tanδ -the dielectric method of diagnostics of substances and materials (Ref. 21 ).
If we regard product quality as the "defining essence of an object", which at the atomic-molecular level is the composition and structure of a substance, then the essence of a particular object is predetermined by its composition (ΣN i ) and the molecular (a i ) and supramolecular (S i ) structure. All the utility properties of a product, in the final analysis, are determined by its composition and structure, and accordingly assessment of quality is reduced to establishing the correlations between the essence of an object and its properties (X). In accordance with the linear response theory we get:
where X' is a function of the response (property) of a substance to an external directed action (a physical field x').
Since for every action x' there is a corresponding property X', any of them can be employed for quantitative assessment of product quality. This makes it possible in principle to solve the problem of quality control, but at the same time it creates indefiniteness of a particular property.
A property occupies an intermediate place in the chain: object (object of measurement = structure + composition) -set of properties -quality. That is, it mediates the essence of the object during quantitative assessment of quality. Therefore correctness of the choice of a property for this purpose is the reliability of the assumed link between the object and its quality. However, the molecular structure of a substance is an invariant with respect to any of its properties. This means that increasing the number of properties does not in itself lead to an increase in the reliability of measurement of quality: they are all genetically determined by one "cause" -the composition and structure, and in one way or another they duplicate each other during assessment of product quality. In this connection, another course appears: selection of one most significant property with subsequent realisation of its practical potential.
On the basis of naturally occurring physical fields, "primary" properties of a substance can be identified, such as gravitational and electromagnetic properties. A measure of an electromagnetic field is the susceptibility c T/82 (or the permittivity e'). The primacy of the dielectric properties is a consequence of the electromagnetic nature of matter, therefore the dielectric properties are preferable to others for establishing their link with the quality of substances and materials.
On the other hand, the "quality" of a molecular structure is determined by the energy of the intermolecular interactions, and the link between molecular structure and dielectric properties makes it possible to rank quality in relative units of permittivity, specifying probable values of quality and its permissible range of variation. With this approach, the quality of a substance is determined not by the totality of its properties, but by one, most significant property.
This scheme of quality measurement is applicable both to monofunctional and to multifunctional products. In the latter case the carriers of the "totality of properties" are the corresponding components of the given product. Along with comprehensive quality indices, there are quality indices for each of the corresponding assignment functions. But any function of a product is a consequence of the action of a corresponding component N i with structure a i . Therefore for measuring the quality of a polyfunctional product it is necessary to employ the corresponding components of this quality, i.e. the "separate" quality Q i is a consequence of the structure a i and the composition N i of the corresponding component.
As it is these parameters that form the susceptibility χ N i a i , even in the case of a polyfunctional product it is possible to use the dielectric method for measuring the quality components.
where x i is a scale factor, reflecting the dependence of the quality of a corresponding component of the product on its dielectric property.
In both cases, the quality or the components of quality are formed at the level of the molecular structure of one or more components of a substance with a specified quantitative content (Ref. 22) . Accordingly, determination of quality is reduced to quantitative analysis.
It is important that from the standpoints under consideration here, quantitative analysis is to be linked to the composition, structure and properties of the substance being analysed. The application of dielectric properties in quantitative analysis gives these relations a concrete form. They are represented by the material equation (4), which uses the following symbolic notation: x denotes the property, a and S denote the molecular and supramolecular structure, and N denotes the composition. The quantitative connections between x, a, S and N are stipulated by the equations of the physics of dielectric polarisation and electrodynamics of matter. In these equations the susceptibility is a function of the composition N and of the structure a and S. Moreover, in a "dielectric" experiment, no distinction is made between information about N, a, and S. This means that the contributions to x made by the individual components comprising the substance have little dependence on frequency. In a spectroscopic experiment the behaviour of susceptibility has a resonance character of the type
where ν i is the resonance frequency corresponding to the structure a i of the i-th component of the substance; ν is the working frequency of the electromagnetic field. Accordingly, in spectrometry, quantitative analysis and qualitative analysis are accomplished simultaneously. In this respect the dielectric method ought to be classed among the non-resonance methods. The process of dielectric relaxation can be described in terms of the dielectric relaxation time. This parameter generally characterises a process of spontaneous transition of a nonequilibrium macroscopic system to a state of thermodynamic equilibrium. The relaxation time depends on the temperature and of the intermolecular interaction potential. This means that the relaxation time is connected not only with the dynamic properties of the dipole molecule itself, but also with the properties of its environment. By definition, the relaxation time is:
where Cn(t) is the correlation function of the n th Legendre polynomial. The correlation time is meaningful if t → ∞, Cn(t) tends to zero faster than I/t.
The correlation functions ln(t) can be calculated using the corresponding models of molecular motion or they can be determined experimentally.
In the approximation of non-interacting molecules (S = 0) the concept of dielectric relaxation means basically that the dipole correlation function is an exponential function of time or a superposition of such exponentials. Such a concept is only valid for describing processes in the behaviour of the correlation function over long time intervals, where the time is at least of the order of picoseconds.
The mechanical behaviour of a molecular system is only susceptible to relatively simple description over time intervals shorter than the intervals between the disturbances of the system. Rarefied gases are characterised by free rotational motion, which is transformed into rotational diffusion as the density increases. In a dense gas the change in orientation of the molecules is made up of a succession of short free rotations, interrupted by collisions.
In the condensed state, molecular processes are determined by successive "jumps" between different directions "marked out" by the structure of the dielectric, about which the molecule oscillates or "vibrates", in the intervals between the "jumps". This is the mechanism of molecular motion that was adopted by Frenkel in constructing the theory of dielectric relaxation. The relaxation time depends on the geometric dimensions of the molecules or their individual atomic groups, and on the nature of the intermolecular interaction. Molecules with low and medium molecular weight have relatively short dielectric relaxation times (1-100 Ps). In molecules and substances with a supramolecular structure the relaxation times are 10 -3 -10 -2 s. An example of instrumental accomplishment of the dielectric method for purposes of product quality control is an instrument for studying the dielectric properties of substances. It must possess the following technical characteristics: range with respect to (ε' -1) and ε" from 0 to 100, measurement error ∆ε' less than 2·10 -4 . The resolution with respect to ε' and ε" can be estimated from the relation ∆ε' ε" < 10 -4 . Such an instrument can form the basis of specialised equipment for measuring the quality of substances and materials, including instruments for monitoring industrial processes for carrying out input and output control of quality, for research purposes etc.
CHARACTERISATION OF METHODS OF PHYSICAL MODIFICATION OF THE POLYMERS INVESTIGATED
Modification of various substances and materials means purposeful alteration of their chemical composition, molecular constitution and supramolecular structure, resulting in improvement of their properties.
There are several types of modification of polymers: chemical modification, leading to a change in their composition; physicochemical modification, producing a change in their supramolecular constitution; physical modification, in which the composition and constitution remain unchanged, but their supramolecular structure is altered. In addition, there is comprehensive modification of polymer materials, when all the stated types of modification are carried out successively. For structural polymeric materials, for which the mechanical (strain and strength) properties are the most important, the primary objective is to improve the orderedness of the supramolecular structure, which is achieved by physical modification. Physical modification of polymers can be effected by heat treatment (Ref. 23) , by the action of various (mechanical, electrical, magnetic and spinor) force fields, and by a combination of, for example, thermal and mechanical action. The first lead to destruction of the supramolecular formations that already exist in the polymer, whereas the second lead to additional orientation of structure that has newly formed during slow cooling.
Prior to physical modification of samples of polymeric materials (called the "starting" samples), their characteristics are determined, for example elastic modulus and mechanical strength. Then samples that are similar in shape and dimensions are placed in a heating chamber and are heated at a certain rate (continuously or with pauses) to a defined heating temperature T h . This is selected from the condition that T s < T h < T m . The process of physical modification is described by a multiparametric heat treatment equation of the following form: F(γ str , ξ env , T n , W + , T h , t h , W -, T k ) = 0. In these expressions T s and T m denote the softening temperature and the melting temperature, γ str is a structural parameter (density, degree of crystallinity), ξ env is a factor of the heating environment in the heating chamber, W is the rate of heating W + and cooling W -, T h is the heating temperature and t h is the heating time of the samples in the heating chamber, varying from 30 minutes to 3 hours.
After the samples have been held at T h , some of the samples are quenched by rapidly transferring them to a coolant (dry ice; melting ice) and are held there for 30 minutes, and then they are tested in the same conditions as for the starting samples. The samples that remained in the heating chamber are annealed by slow (continuous or stepwise) cooling at a rate of 2-5 degrees per hour. After annealing, these samples are also tested to determine the same characteristics as had previously been obtained for the starting and the quenched samples.
Control studies carried out for various categories of polymers showed that the characteristics for the starting samples have intermediate values relative to the quenched and annealed samples, i.e. the "fork" rule is fulfilled. This is evidence of alteration of the supramolecular structures that are present in the samples of the starting polymers, which undergo substantial changes during heat treatment.
It was established that during heat treatment it is mainly the mechanical characteristics of polymeric materials that change most significantly, whereas in other forms of their modification (chemical, physicochemical) there may be changes in the electrical, and the magnetic, and the optical characteristics of polymers that are sensitive to changes in the chemical composition and molecular constitution of substances and materials.
Physical modification of polymeric materials that have been submitted to thermal action in the conditions of quenching and annealing, can be made more effective with additional action of various force fields (mechanical, electrical and magnetic). The resulting thermomechanical, thermoelectric or thermomagnetic treatment leads to even more significant alteration of the physical properties of modified polymers, mainly through the orientation effect of the force fields. In these forms of physical modification of polymeric materials, the appropriate devices are placed directly in the heating chamber. For example, in the case of thermomechanical treatment of samples of polymeric materials, stretching frames may be placed in the heating chamber, so that the amount of strain of the polymers can be adjusted (their use is most effective in the case of film samples, which can be submitted both to uniaxial and to biaxial and radial stretching).
In accordance with the "fork" rule, all polymers (amorphous and crystalline) have, in the initial state (before modification by heat treatment), molecular ordering in the form of supramolecular formations. When they are heated in heat treatment processes at T sof < T heat £ T melt , as a result of intensive thermal motion these supramolecular structures break down and the polymers undergo a transition to the molten state. During their slow cooling as a result of cascade (stepwise) annealing, owing to kinetic "memory" there is formation of a new supramolecular structure, leading to improvement of the polymer's properties. This may be assisted by the additional action of torsional and force fields on the polymer melt, which encourage the ions of the melt to occupy positions with minimum potential energy (at the future lattice points).
There is orientation of the spins of the ions or atoms relative to the edges of these lattices. As a result of the action of the external torsional radiation (or field) of the generator on the polymer melt, only the spin state of the system of free atoms in the melt will be changed. If isotropic torsional radiation acts on the melt for a long time, all the atoms will enter a state with identical orientation of spins. In this state, because of spin-torsion interactions, the atoms will experience mutual attraction. As a result the melt, as a spin system, will be internally stable and even with slow cooling during annealing, the mutual torsional attraction will not allow the atoms to orient their spins relative to the edges of the crystal lattice and it will be unable to form. Accordingly, in heat treatment of a polymer in the conditions of annealing with cascade cooling there will be formation of an amorphous quasiglass structure.
When torsional radiation with a non-isotropic spacefrequency structure acts upon a melt, crystallisation may occur with formation of a lattice that is modified (induced) by the external torsion field, or torsion-induced lattice defects may form. In both cases, as a result of this type of physical modification of polymers, comprising a combination of heat treatment in conditions of annealing with cascade heating and cooling, with the simultaneous action of external torsional radiation of a generator in a defined frequency band, their properties can be altered purposefully.
PREDICTING THE CHANGES IN STRUCTURE AND PROPERTIES OF THE POLYMERS INVESTIGATED
Double correlation diagrams log ν -1/T K, log τ H -T°C, constructed from the results of comprehensive measurements by various methods of relaxation spectrometry for the starting, quenched and annealed samples, enable us to predict the performance of polymers (Ref. 24). The action of mechanical stresses on polymeric materials leads to contraction of the performance range. This must be borne in mind when selecting the optimum variant for application of materials, modified by heat treatment in annealing conditions, under the action of stresses.
Bearing in mind that the main structurally controllable part of PE and PP comprises their amorphous regions, in which changes in segmental mobility are manifested to the greatest degree, prediction of the performance of partially crystalline polymers has severe limitations (Ref. 25) .
Diagnostics and prediction not only of the properties of materials, but also of various phenomena, have been developing particularly rapidly in recent years. It has been perceived that there is a need for scientificallybased forecasting of the development of industry, technology, methods of working, new materials, designs and technological trends in general. In conditions with an enormous flow of information, of a specific and of a general technical nature, the traditional means for research in particular scientific fields are inadequate for predicting future technological development.
Analysis of various sources carrying considerable information loads is becoming particularly important. Special methods need to be developed for quantitative analysis of the engineering-technical significance of these information sources. The information must be reduced to a form that is convenient for forecasting.
Engineering forecasting is based on three comprehensive methods: forecasting using assessment of the engineering-technical significance of new inventions, forecasting based on identification of targets and technical strategies, and forecasting by elucidating the prospective level and competitiveness of new technology.
The first two methods are used for medium-term and long-term forecasting (up to 25-30 years), and the third method is used for short-term forecasting (up to 5-0 years).
Analysis of these methods showed that in essence they consist of four principal methods: extrapolation, expert assessments, morphological separation and modelling.
a) Forecasting based on extrapolations
This form of forecasting is based on the transfer of events and conditions from the recent past, into the future. This can include various modifications arising in connection with the characteristics of the polynomials employed during extrapolation. Extreme illogicality of future events is manifested in the impossibility of forecasting the development of new technology by this method. Forecasting by extrapolation may to some extent be justified in shortterm forecasting mainly in areas of industry where no substantial qualitative changes in production and consumption are anticipated. In practice, two groups of problems have been identified that are solvable, within the framework of the method of extrapolation, by the techniques of regression analysis. One of these is called the static problem -this is the problem of analysis of the connection between a principal feature and the variables, without taking the time factor into account. The second is the dynamic problem: the time factor is an indispensable component of the equation. This problem is more typical of forecasting, as it solves the problem of the future change of a principal feature. The dynamic problem is considered to be solved if the regression coefficients have been determined for the experimental values of a dynamic series. Several methods are available for their determination: the graphical method, the point method, the method of linear programming and the method of separating all the equations of a series into groups.
b) The method of expert assessments
The essence of this method is that a group of experts is asked a number of questions concerning the development of a particular technical trend or of a proposed item of technology. A number of modifications and variants of the method have appeared in recent years, including "brainstorming" and Gordon's Senectic assessments.
The method of expert assessments cannot in fact be employed for the analysis of mass inventions. It is necessary to improve the method by developing techniques for correcting the opinions of experts. The method of expert assessments can be called an independent thought experiment.
c) The morphological method The morphological method is based on separating the problem into forecasting "targets", each of which is given a particular "weighting". Separation is continued until concrete solution of the problems arising from the forecasting targets becomes possible.
d) Modelling
Modelling is based on targeted abstraction of the processes of development of events in the future. There are several varieties: logical, informational and mathematical models, analogies, games etc. The method has not been developed sufficiently concretely for the purposes of forecasting.
The method of polling of experts is employed in forecasting and diagnostics. This is regarded as a special kind of "thought experiment". The main categories of prediction, including the forecasting period, standardisation of the weightings of the forecasting targets, characteristics and parameters in engineering forecasting are determined analytically, i.e. ultimately on the basis of theoretical analysis of forecasting situations. It becomes possible to compare experimental and theoretical results, which increases the reliability of forecasting and means the forecaster can avoid making gross errors.
The main stages in the forecasting of research can be described as follows:
-in the first, preparatory stage the area of forecasting is selected and competent groups of experts are appointed. The actual parametric and nonparametric sources of information are selected. An overall appraisal of the reliability of the prediction can be effected in this stage;
-in the second stage, the main studies are undertaken for quantitative evaluation of the significance of the information sources. The results of investigation in the second stage provide a basis for forming an idea about the characteristics of future objects and for determining when these objects will appear; -in the third stage, most of the work for synthesis of the information sources is carried out, with respect to the development trends of designs and technologies. Ideas about the leading technical trends develop in this stage, as well as an idea of the possibility of realisation of these trends at various times in the future;
-in the fourth stage a general forecasting strategy is defined, which will create a sufficiently flexible system of algorithms, which will make it possible to take into account the requirements of technical progress and of the economy;
-verification of the forecasts is undertaken in the fifth stage. Any forecast that has not undergone verification can be regarded as a preliminary study;
-the sixth, concluding stage is determination of the volumes of production to be forecast and the quantitative changes that are expected in the structure of production processes.
FEATURES IN FORECASTING THE SHORT-TERM THERMAL STABILITY OF THE POLYMERS INVESTIGATED
The thermal stability of polymers is in most cases determined by the methods of thermal analysis at relatively low sample heating rates, usually 2-5 degrees/min (Ref. 26 ).
In the conditions of service, however, polymer coatings for thermal protection may experience faster heating. Therefore prediction of the short-term thermal stability of a material from the results of tests on samples performed with slow heating is an urgent problem. When the intensity of heating is increased, the process of thermal decomposition is displaced towards higher temperatures. It is known that chemical decomposition depends on intermolecular interaction, which decreases as the temperature rises. For predicting the short-term thermal stability of polymers, mathematical models of the process have been created taking into account the difference in the rates of decomposition of associated and unassociated regions of the macromolecules both for the mechanism of the reactions taking place at the terminal monomer groups (depolymerisation), and according to a random law. For example, the rate of the depolymerisation reaction is dc dτ = + K N K N H a 1 2 (8) where K 1 and K 2 are the rate constants of the process of depolymerisation of unassociated and associated end groups, respectively; c is the concentration of monomer that forms; N a and N H are the concentrations of the reacting associated and unassociated terminal monomer units. Equation (8) was written on the assumption that the polymerisation reaction is neglected, which is valid when there is considerable evolution of gaseous monomer. The influence of the process of thermal synthesis is examined in (Ref. 27) .
In accordance with the distribution of the monomer units according to (Gibbs) energies, we can write: 
where C 0 = n 0 N is the concentration of monomer units in the starting polymer; n 0 is the number of monomer units in the chain. Using the notation n ur /N 0 = η (where n ur is the average number of unreacted monomer units), in a form corresponding to the specified level of thermal stability we get
As the relations for the temperature dependence of K 1 and K 2 are described by the Arrhenius equation, and K p is described by the van't Hoff equation, 
The coefficients in this equation can be determined from the results of tests on the polymers at low temperatures. This last equation defines the polymer's "life" in isothermal conditions of decomposition with quasiinstantaneous establishment of temperature. Data on the short-term thermal stability of polymers are given in the literature (Refs. 28, 29) .
